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go through three stages of oxidation: (I) To a psod- 
uct insoluble in a IO per cent. alkali solution, but  
soluble as an alkali salt in water. ( 2 )  Being further 
oxidized to  a product which will form a salt with 
an alkali, but  hydrolyzes on dilution; in other words, 
stable only in an excess of caustic soda. (3) The 
end product with a very slight affinity for caustic 
soda, probably held in solution in the oil only by the 
unchanged and partially changed phenols. The origi- 
nal tarry matter on being heated cokes very easily, 
losing only about 15 per cent. of its weight. 
The methods used to extract the oil from impreg- 
nated timber for analysis have been, so far as I have 
been able to  find out. to  treat ( I )  with benzole, (2) with 
toluole, (3) with ether. and (4) with absolute alcohol. 
It will be noted that  the first three methods could 
not extract the final oxidation product of the phenols, 
whereas the last one could. Nevertheless, the ex- 
tract from the last method would show only a trace 
of phenols by the ordinary test because the common 
practice of distilling the oil before analysis would 
coke or decompose the oxidized phenols. 
An extraction was made of some chips from the 
surface of a creosoted tie which had been in the ground 
from 1879 to 1906 and exposed to  the air from then 
until 1911. Twenty grams of this wood completely 
extracted with benzole gave 0.78 gram of oil. This 
was redissolved in benzole and extracted with caustic 
soda. It gave a trace of phenols and 0.014 gram of 
tarry matter, or about 1.8 per cent. on the oil. The 
wood was then extracted with acetone. I t  gave 
0.63 gram of a black, pitchy mass, a small portion 
of which was soluble in ether, but the whole readily 
soluble in absolute alcohol. It was slightly soluble 
in caustic soda, giving a yellowish coloration and a 
distinct, pyridine smell. It was sharp to  the taste, 
resembling coal tar. On heating, it gave off a small 
amount of pungent gas, the remainder turning to coke. 
This acetone extract probably contained some 
phenolic and basic products and some oxidized hydro- 
carbons, and a slight amount of resin dissolved from 
the wood. 
The above experiments seem to show that the higher 
coal tar  phenols will not volatilize from creosoted 
wood, but  remain as more complex oxidation prod- 
ucts insoluble and non-volatile in character and 
presumably with good antiseptic qualities, though 
whether these have been impaired or improved by 
the change is yet to be determined. At any sate, 
these oxidized phenols would seem to have to  a con- 
siderable degree the three properties of prime im- 
portance in a wood preservative, namely, non-vola- 
tility, antiseptic qualities and insolubility. 
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The increasing adulteration of vegetable oils by 
fish oils as well as the substitution of one fish oil by 
another, has called forth many attempts t o  detect 
such practices in recent years. In  many instances 
the chemical properties of the two oils so closely 
approximate each other that the ordinary commercial 
methods of analysis fail to  distinguish either in a 
mixture of the two. Thus, it is known that  dogfish 
liver oil may be offered as a substitute for cod liver 
oil without danger of discovery especially when the 
oils are refined. Ordinary cod oil, used to a large 
extent for such purposes as currying, frequently con- 
sists of nothing but dogfish, shark, hake, or polluck 
oil. Menhaden oil is often used to  replace whale 
and cod oils. 
In  order to definitely establish the fact that  a cer- 
tain sample of oil is a mixture, a great number of 
tests must be made, and, of course, these are of value 
only as they are accurate enough to detect small 
amounts of one oil in the other. A great quantity 
of data has been published on the viscosity of oils, 
from which many conflicting and erroneous conclu- 
sions have been drawn with respect to the connection 
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between this physical property and the composition 
of the oil investigated. Thus Kessler and Mathiason,x 
in a paper “On the Interpolation Method of Oil 
Analysis,” in discussing the properties of oil mixtures, 
state that  “neither the viscosity nor the fluidity 
of such solutions are necessarily additive, even though 
there is no evidence to  indicate that  either chemical 
or molecular compounds are formed.” This state- 
ment is directly contrary to  the views of Binghams 
who believes that the fluidity of a mixture of two 
liquids, which do not react chemically with each other, 
is the sum of the partial fluidities of the components. 
The object of this investigation was to  test the 
above theory by mixing various fish oils with each 
other in definite proportions by weight and studying 
THIS JOURNAL, 3, 66 (1911). 
2 Z. fihysik. Chem., 66 1 (1909). 
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any relations between composition and viscosity 
or fluidity which might become evident. 
The correct relationship between viscosity and 
composition can be established only by use of a vis- 
cosimeter which shall be accurate to a t  least one 
I I I I 
per cent. The various instruments in use have been 
criticized in previous articles' and i t  is not necessary 
at this time to review their faults. The viscosimeters 
devised by Thorpe and Rodger,' by Bingham and 
White,$ and the modification of these latter described 
by the author of this article4 all seem well suited to 
the problem mentioned, as they all give results which 
probably may be relied upon as having less than 
0 . 2  per cent. error. The viscosimeter used in a study 
of the viscosity of fish oils recently described5 was 
ysed to  measure the viscosity of the fish oil mixtures, 
since the time required for a determination (from 
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two to six minutes) was the most favorable for accurate 
work. 
The whale and white cod liver oils, which were 
taken for use in this investigation, were commercial 
samples, while the menhaden and dogfish (Mustelus 
* Biochem. Z . ,  37,482 (1911); THIS JOURNAL, 4, 106 (1912). 
*Phil .  Tram., 186A, 307 (1894). 
85 .  Am.  Chem. Soc.,  33, 1257 (1911). 
&THIS JOURNAL, 4,  106-107 (1912). 
See Note 2. 
canis) liver oils mere extracted from fish obtained 
a t  Woods Hole according to the previously described 
method. The mixtures were made up by weight 
and allowed to stand a t  least twenty-four hours before 
analysis, to secure complete homogeneity. Following 
is a table giving a few of the common constants ob- 
tained, the saponification and acid numbers being 
expressed as the number of milligrams of potassium 
hydroxide required for one gram of oil. 
TABLE I. 
Oil. Cod liver! Whale. Menhaden. Dogfish liver. 
Iodine No. (Hiibl). . . . . 142.60 156.60 128.10 135.90 
Saponification No. . . . . . 185 .SO 192 .SO 16.26 193.00 
Acid No.. . . . . . . , . . . , , 1 ,82 6.60 6.83 0.94 
In the tables below are given the results of viscosity 
determinations expressed in absolute units, together 
with the fluidity calculated froni tbe average viscosity. 
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Specific-gravity determinations of the pure oils were 
made in a pycnometer, no measurements being taken 
cn the mixtures as the densities of these are nearly 
enough additive to  allow proper calculation of the 
vd 
ant1 small kinetic energy correction -- in the following 
formula, used to  obtain the viscosity values 
m 4 p t  vd -- 
'1 = 8vl a d '  
9 is the viscosity, 1 the length and r the radius of the 
capillary tube, d the density of the oil, and v the volume 
of oil passing through the tube; p is the pressure to  
which the oil is subjected, and t is the time of flow. 
TABLE II.-CODILIVER OIL. 
Viscosity. 
Temp. 9 - 
Degrees. Rt. limb. L. limb. Av. Fluidity. SP. a. 
30 0.3886 0.3882 0.3884 2.575 0.9277 
50 0.2001 0.2005 0.2003 4.992 0.9149 
70 0.1187 0,1189 0.1188 8.396 0.9008 
90 0 07862 0.07882 0.07872 12.710 0.8900 
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TABLE III.-DOGFISH LIVER OIL 
Viscosity. 
Temp. < ----- 
Degrees. R t .  limb. L. limb. AI’. Fluidity. SP. gr.  
30 0 .4319 0.4319 0.4319 2.315 0.9185 
50 0.2133 0 .2138 0.2136 4.682 0.9057 
70 0.1262 0 ,1259 0.1261 7.931 0,8932 
90 0.08272 0.08293 0.08283 12.080 0.8796 
TABLE Iv.--1\fENHADEN OIL 
30 0.6012 0.6025 0 ,6019 1.661 0.9371 
50 0 2936 0.2938 0.2935 3.407 0.9234 
i n  o 1683 0.1683 0.1683 5.945 0.9097 
90 0.1097 0.1096 0.1097 9.107 0.8965 
TABLE \-.--IYHALE OIL.  
30 0.3493 0.3477 0.3485 , 2.869 0.9192 
50  0 .1819 0 1824 0,1822 5.489 0.9063 
7 0  0.1103 0 . 1 0 9 9  0.1101 9.090 0.8912 
90 0.07243 0 07238 0.07241 13.810 0.8782 
T.4BLE VI --3fESHADES-COD I.IVER OIL XfIXTURES. 
Temp. 
Degrees. 
30 
50 
7 0  
30 
30 
50  
70 
90 
7- 
Rt. limb. 
0 3904 
0 2006 
0 1199 
0 07878 
0 4254 
0 2223 
0 1295 
0 08429 
Viscosity. -_ --- 
L. limh. .ir. 
1 Per cent. JIenhaden. 
0.3900 0.3902 
0 . 2 0 0 8  0.2005 
0,1198 0 ,1199 
0,07595 0 07887 
25 Per cent. Menhaden. 
0.4300 0.4292 
0.1297 0 .1296 
0.08429 0 08429 
0.2223 n ,2223 
Fluidity. 
2 563 
4 983 
8 340 
12 680 
2 330 
4 482 
i 716 
11 860 
50  Per cent. Menhaden. 
30 0 4765 0.4760 0 4563 2 
50 0 2394 0.2398 0 2392 4 
70 0 1405 0.1405 0 1405 
90 0 09118 n 09126 0 09122 10 
099 
181 
,117 
960 
i 5  Per cent. Menhaden. 
30 0 .5331 0 .5358 0.5344 1 ,871 
50 0 . 2 6 5 7  0.2646 0.2652 3 .771 
50 0.1535 0.1532 0 .1534 6 .519 
90 0,09959 0.09943 0 .09951 10.050 
TABLE S 7 1 1 . - - D ~ ~ ~ ~ ~ ~ i  LIVER-COD LIVER OIL >IIXTCRES. 
Viscositl-. 
Temp. 
Degrees. 
3 0  
50 
70 
90  
30 
50 
90 
90 
30  
50 
70 
90 
30  
50  
7 0  
90 
Temp. 
Degrees. 
30 
50 
7 0  
Rt.  limb. L. limb. Av. Fluidity. 
0 3893 
0.2004 
0.1188 
0.07904 
0.3995 
0.2037 
0 .1209 
0.08000 
0.4075 
0.2060 
0 ,1249 
0.081 14 
0.4187 
0.109’2 
0,1227 
n ,08146 
1 Per cent. Dogfish. 
0.3903 0 .3898 
0.2005 0.2005 
0.1188 0 .1188 
0 , 0 7 8 7 9  0,07892 
25  Per cent. Dogfish. 
0.3996 0 .3996 
0.2033 0.2035 
0.1211 0 .1210 
n . os022 0 .08011 
50 Per  cent. Dogfish. ’ 
0 .4090 0 .4082 
0 .2059 0.2060 
0,1247 0.1248 
0.08132 0.08123 
55 Per cent. Dogfish. 
n ,4203 0.4195 
0 .2101 0.2100 
0.1224 0 .1226 
o 08156 0.08151 
TABLE TI1 I.-\VHALE-COD LIVER OIL MIXTURES 
Visrosity. 
2.569 
4 . 9 8 7  
8.417 
12 .670 
2.502 
4.914 
8.264 
12.480 
2.450 
4.854 
8.013 
12.310 
2 . 3 8 4  
4,762 
5.15; 
12.270 
R t .  limb. L. limh. I\-. Fluidit, 
0.358J 0.3852 0.3868 2.585 
0.1995 0 ,1994 0.1995 5.013 
0.1189 0.1185 0.1188 8.417 
1 Per cent. IYhale. 
~ ~~ 
90 0 , 0 7 8 5 5  0 07845 0.07850 12,740 
TABLE TI11 C o a t z n u e d )  
Viscosity. 
Temp. - 
Degrees. R t .  limb. L. limb. Av. Fluidity. 
25 Per cent. Whale. 
30 0.3777 0.3777 0.3777 2.618 
50 0.1944 0.1946 0.1945 5 111 
7 0  0.1156 0.1157 0.1157 8.643 
90 0.07754 0.07754 0.07754 1 2 . 0 0 0  
50  Per cent. XYhale. 
30 0.3686 0.3689 0.3688 2 . 7 1 1  
50 0.1898 0.1594 0.1896 5 . 2 7 4  
i o  0.1134 0.1131 0.1133 8 827 
90 0.07495 0.07491 0.07493 13.340 
7 5  Per  cent. Whale. 
30 0.3598 0.3596 0.3597 2 . 7 8 0  
50 0.1863 0.1865 0.1864 5.365 
T O  n.1120 0.1115 0.1118 8 .945 
* 90 0.07480 0.07468 0.07474 13.380 
The results are shown graphically in Figs. 1-5. 
In  Figs. 1-4, fluidities of the oils are plotted as ordi- 
nates against composition of the mixtures as abscissas, 
the abscissas reading in percentages of cod oil; the 
four plots are taken from the fluidity readings a t  
30° ,  5 o C ,  7 o C ,  and 9 o C ,  respectively. 
The fluidity curves are seen to be linear, and con- 
sequently i t  must be concluded that the fluidities 
of these oil mixtures are strictly additive over the 
range of temperature studied. According to what 
has been said, this confirms in a striking manner 
Bingham’s fluidity hypothesis, which requires the 
above relationship between fluidity and composition 
in non-associated liquids. I t  has been indicated in 
a previous article’ that these oils are slightly associated, 
the fluidity-temperature curve not being a straight 
line: but the deviation from a linear function is very 
slight and scarcely to  be taken into consideration in 
this connection. Therefore, if the fluidity of a mix- 
ture of two oils is measured, and that  of the constitu- 
ents is known, the composition of the mixture may be 
calculated; I t  has been shown* that  the viscosity 
of these oils is characteristic and fairly constant if 
the different samples of oil are obtained under similar 
conditions; fluidity data should then add to the knowl- 
edge desirEd, regarding the detection of adulteration 
in oils. Of course, taken alone, the fluidity would 
hardly be of great value in detecting any such adultera- 
tion, but when considered along with the results of 
other tests simultaneously applied, it furnishes addi- 
tional evidence concerning the character of the oil 
studied. 
The mixtures of one part of one oil to  ninety-nine 
of the other were made up to  test the accuracy and 
delicacy df the method. The introduction of this 
one per cent. of oil was readily detected by the vis- 
cosimeter used, and the fluidity of these mixtures 
was found to  conform to the additive relationship. 
Since the fluidities are found to be additive, the 
viscosity should be a hyperbolic function of the com- 
position. The relation between the viscosity and the 
composition is shown graphically in Fig. 5 ,  the tem- 
perature being 30°. The curve for the menhaden-cod 
mixtures deviates markedly from a straight line, that 
for the dogfish-cod mixtures less so, while the viscosity 
l THIS JOURNAL, 4, 109 (1912). 
2 Ibid. 
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of the whale-cod mixtures presents a linear function. 
The menhaden oil has a viscosity which varies from that 
of the cod to  the greatest extent of any of the oils, and 
we should expect that curve to  evidence the greatest 
curvature. These facts coincide with the following 
mathematical deduction of the relation between 
fluidity and composition suggested by Bingham. 
Since the fluidity is a linear function of the compo- 
sition, this may be expressed by the formula 
'p = 91 + ( 9 2  - ?l)% (1) 
where Q represents the fluidity of the mixture, Q~ 
and Q~ that of the two components, the latter being 
supposed to  be the more fluid, and x the percentage 
of the latter in the mixture. The corresponding 
viscosity equation is 
1/77 = 91 + (% - P1)xv 
where 'pl and y 2  are constants and 9 and x are variable, 
or 
The curvature is therefore 
2 ( q 2  - P ~ ) ' [ Y ,  + ( q 2  - 91)x13 K = ~~~~ 
1. ( 3 )  I [ %  + (92 - Q A X I 4  + (92 - PA")" 
By differentiating this curvature in respect to the 
concentration x, and equating to  zero, we obtain 
the concentration where the curvature of the viscosity 
curve is a maximum to be 
(4) 
2/92 - 91 - Pl 
~~ x =  
QZ - T1 
Substituting this value in equation ( 3 ) ,  one obtains 
the amount of curvature where the curvature is a 
maximum to be 
It follows, therefore, as a necessary consequence of 
the assumption that fluidities are additive that : 
I .  The curvature obtained by plotting viscosities 
is greatest when the difference between the fluidities, 
i. e . ,  qz - yl ,  is large, and becomes zero when 'p2 - 9, = 
o [cp. equation (j)]. 
2. The curvature obtained by plotting viscosities 
must continually decrease as the concentration in- 
creases unless the square root of q2 - ?, is greater 
than yl, in which case the point of greatest curvature 
will be found a t  some positive concentration [cp. 
equation (4)]. 
3. Mathematically considered the curvature is de- 
pendent only upon the difference in the fluidities of 
the components, i. e . ,  q2 - q1 and not upon q1 [cp. 
equation ( 5 ) ] ,  but since we can only realize positive 
values of x ,  it follows that for a given value of q2 - pll 
the curvature a t  any concentration will be greatest 
when 9, is very small. 
That the curvature is greatest when the fluidities 
are quite unequal has already been noted by 0bservers.I 
1 Thorpe and Rodger, J .  Chem. SOC. ( L o d o n ) ,  71,361 (1896). Bingham, 
Am. Chen. J., 35, 195 (1906). 
That the curvature is greatest when the viscosities 
are great has also been observed in the measurements 
of the viscosity of undercooled1 and other very viscous 
liquids. It has caused some bewilderment, but we 
believe that the cause of this peculiarity has never 
before been given. The conclusion that the curvature 
is not uniform, is also clearly shown in the case of 
very viscous liquids. I t  is not shown very well by 
the curves which are given in this paper because the 
fluidities of the components are not sufficiently un- 
equal. 
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In  conclusion, it is possible that the fluidities and 
viscosities of oil mixtures inay be simultaneously 
additive, but i t  seems to  be a perfectly general rule 
that the fluidity is invariably a linear function of the 
composition so long as there is no marked action be- 
tween the components. 
I wish to express my gratitude to Dr. Eugene C. 
Bingham for valuable suggestions with regard to  this 
investigation. 
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By ROBERT STEWART AND c. T. HIRST. 
The Chemical Department of the Utah Experiment 
Station has been conducting investigations during 
the past eight years regarding the milling, chemical 
and baking characteristics of different varieties of 
wheat grown under irrigated and dry-farming con- 
ditions. A great many varieties of wheat have been 
* Tammann, 2. phusik. Chem., 2 8 ,  17 (1898). 
